Procurement of materials
The paper waste was procured from a paper publishing company at Nsukka while the cow dung was obtained from the Department of Animal Science, University of Nigeria, Nsukka, Enugu State, Nigeria. Other materials used during the study includes metal prototype digester of 40l capacity constructed at National center for Energy Research and Development, UNN, weighing balance (40kg), (model no ZO51599), Water through graduated transparent plastic bucket (for measuring gas production), Thermometer (-10-110 0 C), Jenway digital pH meter (3510), Hose pipes and Bunsen burner fabricated locally for checking flammability.
III. Wastes treatment
The cow dung was sprayed under the sun to dry it while the paper waste was squeezed and soaked in water over night.
IV. Experimental set up/charging of wastes
Charging of Digesters Paper waste alone digester (3:1)
11kg of printing paper (Soaked in water) was charged with 33kg of water in a ratio of 3: 1 of water to waste. The pH was 8.6 when biogas production started within 24 h and commenced flammability of gas on the 1 st day, at pH of 7.6, flaming stopped after 3days of flammability.
Paper wastes and cow dung digester (1:1)
Printing paper (5kg) and cow dung (5kg) making a total of (10kg) of wastes, was charged with 30kg of water in the ratio of 3:1 of water to wastes, pH was recorded as 7.5, biogas production started within 24h of commencement of flammable biogas production on the 6 th day.
Methods of Data Collection and Analyses
Physiochemical, ultimate and microbial analyses were among the most important analysis carried out on the raw wastes. Physiochemical analysis involved the determination of the major components of wastes under study and they include moisture, fat, ash, pH and temperature. This analysis provided information relating to practical utility of raw wastes.
Determination of moisture content
The hot oven air method of AOAC (1990) [ 1] was adopted, porcelain crucibles were washed and dried in an oven at 100 0 C for 30minutes and these were allowed to cool in the desiccators. Two grammes of raw wastes were placed into weighed crucibles and put inside oven at 100 0 C for 4h. The samples were removed from the oven after this and were cooled and weighed. The drying was continued and all the crucibles with the samples were reweighed until a constant weight was obtained. The percentage moisture was calculated from the loss of weight of the sample (Ofoefule and Uzodinma, 2006) [24] .
Determination of the Ash content of Raw Wastes
Ash in the organic wastes comprises the residue remaining after all the moisture has been removed, and the fats, proteins, carbohydrates, vitamins, organic acids etc have been burnt away by ignition at a temperature of about 600 0 C. It is usually regarded as moisture of the mineral content of raw waste. Employing the AOAC (1990) [1] method, two grammes of the finely ground samples were weighed into porcelain crucibles which have been washed, dried in the oven at 100 0 C, cooled in a desiccator and washed. The crucibles containing the samples were placed inside the furnance at 600 0 C for 2 h. After this, the crucibles containing the samples were removed and cooled in the desiccator for 30minutes and then reweighed. % Ash = Was + Wc X 100 Ws 1 Where Was = Weight of ashed sample Wc = weight of the crucible Ws = weight of the original sample
Determination of the Crude fibre Content
Crude fibre of the raw wastes is usually determined to have an idea of the materials that are indigestible in the wastes. It is largely made up of cellulose and Lignin. Crude fibre is obtained as organic residue left behind after the raw waste has been treated under standard conditions with organic solvent dilute mineral acids such as H 2 SO 4 , sodium Hydroxide etc. Using AOAC (1990) [1] method, two grammes of the sample were weighed into a 600ml beaker and mixed with 200ml of 0.125m H 2 H 2 SO 4 and digested for 30 minutes under controlled conditions. The mixture was filtered under suction, washed with distilled water until the washing were no longer acidic. The residue was then transferred to a beaker and boiled for 30minutes with 200ml of a solution containing 1.25g of NaOH per 100ml. the digested sample was then washed with 1% HCL (1g in 100ml of acid) to neutralize the NaOH solution and several times with distilled water. The final residue was obtained by filtering through a linen cloth on a fluted funnel. The residue collected was put into a weighed crucible and dried at 100 0 C for 2 h in the electric oven. It was then cooled in a desiccator, weighed and ashed. The ash obtained was cooled in a desiccators for 30minutes and weighed % crude fibre = Wc + ST-Wc ash x 100 WS 1 Where Wc = weight of crucible Ws = Original weight of sample ST = Treated sample before ashing
Determination of fat Content
Crude fat content in the wastes was determined using soxhlet Extraction method (pearson, 1976) . The soxhlet fat Extraction method involves continuous Extraction of waste sample with non-polar organic solvent such as petroleum ether for 1hour or more depending on the volume of sample in hot oven to dry for 30minutes. It was then cooled in a desiccator. Two grammes of ground wastes sampled was accurately weighed and transferred into a rolled ash filter paper and placed inside the Extractor thimble. The thimble was then placed inside the Soxhlet extractor. Some quality of petroleum ether was poured inside the extract flask and into the condenser. The heater was switched on and set in such a way that the temperature should not exceed the boiling point of petroleum ether used. The Extraction was allowed to run 4h after which the petroleum ether was recovered. The oil collected in the flask was dried in an oven at 100 0 C. It was weighed and percentage fat calculated as follows: % Fat = C-A X 100 Ws 1 Where C = weight of flask + oil A = weight of empty flask
Determination of Total Nitrogen/ Crude Protein in the Wastes
The Micro-kjeidahl method as described in (Pearson 1976) was used. The method involves estimation of the total nitrogen in the waste and subsequent conversion of the nitrogen to protein with the assumption that all the protein in the waste are present as Nitrogen using a conversion factor of 6.25, the actual percentage of protein in the waste was calculated as: % Crude protein = % Nitrogen x F
Digestion
Two grammes of the ground waste sampled were weighed into kjeldahl flask. Catalyst such as sodium sulphate and copper sulphate were added in the flask in ratio of 3: 1, oxidizing agent like concentration H 2 SO 4 (15ml) was also added. Five glass beads were added to the flask to prevent too much bumping during heating. Heating was carried cautiously on digestion rack under fume cupboard until a greenish clear solution appeared. The digest was allowed to cool. About 10ml of distilled water was added to avoid caking after which the digest was transferred with several washing into a 25ml volumetric flask and made up to the mark with distilled water.
Distillation of the protein
Distillation was carried out using Kjeldahl distillation apparatus. A 50ml receiver flask containing 5ml boric acid-methyl red and blue indicator was placed under condenser of distillation apparatus so that the tip was 2cm inside the indicator. A 10ml of 40% NaOH solution was added to the digested sample in the apparatus through funnel stop cork. Closing the steam by pass and opening the inlet stop cork on the steam jet arm of the distillation apparatus then started off the distillation. The distillate was collected in the conical flask (35ml) with its indicator methyl red and blue. Titration was then carried out using 0.01MHCL to first pink coloration % Nitrogen = Titre x 0.0014 x 250 x 100
Weight of original sample x 1 % crude protein = % N x 6.25
Determination of Energy
This was carried out using AOAC (1975) [1] bomb calorimeteric method. It involves igniting the waste sample in adiabatic oxygen Bomb calorimeter (under a high pressure of oxygen gas usually 25 atmospheres). This help to bring about oxidation of organic constituent of the waste sample to water and carbon dioxide while oxidizing some elements such as S,N and P and resultant release of heat. The heat energy that was release was used to estimate the energy value of the sample. Two grammes of the sample were pelleted and burnt in adiabatic oxygen Bomb calorimeter. The heat of combustion was calculated as gross energy. Energy content = W x t -2.3 L-V Ws Where W = Energy equivalent or water equivalent of calorimeter t = temperature rise v = titre Ws = weight of the sample used for Experiment L = length of Wire burnt
Determination of Total Solids
Determination of total solids of waste is an effective way of finding out the amount of nutrient that will be available for bacteria during digestion. It is made up of digestible and non-digestible materials. Five grammes of the raw waste were dried in an oven at 105 0 C for 5h. The weight obtained after all moisture loss is the total solid. Therefore % Ts = A-B x 100 Ws 1 A = weight of moisture plus total solids of the sample B = weight of moisture lost from the sample at 105 0 C. Ws = original weight of sample
Determination of Carbon content
One gramme of the finely ground sample was weighed into 500ml conical flask ten milliliters (10ml) of potassium dichromate (IM) was poured inside the flask and the mixture was swirled. Twenty milliliters (20ml) of conc. H 2 SO 4 was added and the flask was swirled again for 1 minute in a fume cupboard. This mixture was allowed to cool for 30minutes after which 200ml of distilled water, 1g of NaF and 1ml of diphenylamine indicator were added. The mixture was shaken and titrated with ferrous ammonium sulphate solution in the burette. The blank was also treated similarly. 
Measurement of Temperature during the digestion period
Data logger at the energy center Nsukka was used to record the ambient daily temperature for the period of the experiment. Slurry temperature was recorded with in glass thermometer. (-10 to 110 0 C) and thermocouple thermometer (Digitron) of model T208/T228/T209 (made in England).
Determination of pH
The pH of system under digestion was measured daily and recorded using digital out-put Analog pH meter of unified National inventory Data base.
Determination of the volume of gas produced
Water was filled into a white calibrated bucket in litres and the bucket was turned upside down to allow some water to go out, the volume remaining was recorded, then a hose pipe was connected to bucket from the tap of the biogas digester, the tap of digester was then open to release the gas, as the gas is been released it pushes down the water and the volume of water decrease until the gas finishes, the volume of gas produced was then calculated by subtracting the volume of the remaining water in the bucket from initial volume of water which was recorded. The result is the volume of gas produced (Ofoefule and Uzodinma, 2009) [24] .
V. Microbiological Tests Isolation and Identification
Isolation and identification is the most important analysis carried out on the slurry sample to determine the methanogens and other pathogenic organisms E. coli, S. aureus, Candida albicans, Clostridium perfringes and Streptococcus Spp. were present in the slurry that can convert the waste organic matter to methane gas which is flammable. Method used in isolation and identification include media preparation (Nutrient agar, (NA) and Sabourand, Dextrose agar plus chloramphenicol, (SDA+C), culturing incubation and chemical analysis such as Gram staining catalase, coagulase, DNASe, citrate, indole, oxidase and Germ tube tests. Lactophenol cotton blue was used specifically to identify fungi.
VI. Media Preparation Nutrient Agar (NA)
Sixty two grammes of Nutrient agar was suspended in a litre of distilled water and agitated in a flask to have a uniform mixture. It was boiled to dissolve at 121 0 C for 15 minutes. It was allowed to cool to 45-50 0 C and then dispensed 15-20ml each aseptically into plates.
Sabourand Dextrose Agar plus chloramphenicol (SDA + C)
The same method used in Nutrient Agar preparation was also used in SDA preparation but chloramphenicol which serves an inhibitor to other organisms and encourage the growth of fungi was added.
Culture and incubation
The samples were inoculated into the prepared media (NA + SDA +C) using sterilized wire loops on the plates near the edge and were spread over the segmented well. The loop was flamed again, on cooling was spread from Area A to area B by streaking method to make sure that streaks do not overlap. The plates were covered and incubated for 2days at 37 0 C for bacteria and 14days at 27 0 C for fungi.
Gram Test
Smears of the pure colonies were made on a clean grease-free glass slides with normal saline. The smears were air -dried and heat -fixed. They were kept on a staining racked positioned in a staining manner and flooded with crystal violet for 1 min after they were rinsed -off. Lugol was then added for 1 min and immediately rinsed -off. The glass slide were tilted and decolourized with acetone until the drained acetone appeared colourless. They were rinsed off and finally, counterstained with carbol -fushin for 1 min. the glass slides were rinsed -off, blotted, air dried [24] .
Motility Test (Hanging Drop Method) and viewed under the microscope
Peptone water (3ml) was inoculated with a colony of test organisms and then incubated over night. A ring of plastercine was placed on clean grease -free glass slide and inverted over a drop of the culture broth on the center of a clean cover slip. With quick movement, the slide is inverted so that cover slip is upper most and preparation was examined under the microscope with X10 and X40 objectives. Motility was observed to show an active displacement and time in a given direction (Uzodinma and Ofoefule, 2009 ) [24] .
Catalase Test
A drop of hydrogen peroxide (3%) was made on clean grease -free glass slide. Using a sterile glass-rod, a 24h colony of each of the test organism was picked and smeared on the hydrogen peroxide. Bubble of gas which indicated positive test was observed.
Coagulase Test (Slide Method)
Fifteen (15) milliliter of healthy human blood was centrifuged and plasma obtained. Thin smears of the test organisms were made on clean grease -free slide at two different sites and a drop of the plasma and water were added respectively to the smears at different sites. The site containing the water served as the control. Clumping of the preparation within 10s was observed.
Germ tube Test
The already prepared sterile sugar fermentation medium was heavily inoculated with the test organisms. After overnight incubation at 37 0 C, gas production in Durham tube and yellow colouration of the medium were observed [24] .
Indole Test (Erhlich's Method)
A loopfull of the test organisms was cultured into peptone water (5ml) for 3 days. After the 3 days of incubation, 2 drops of xylene and 3 drop of already prepared indole reagent. (Erhlich's Method) were added to the culture broth. A pink or red ring on the surface of the culture brother was observed as positive test [24] .
DNase Test
DNase agar plates were divided into 3 strips by marking the underside of the plate. The test and control organism were inoculated using a sterile swab making sure that the areas were labeled clearly. After that the plate was incubated overnight at 37 0 C. The surface of the plate was covered [24] .
VII. Results
The physiochemical properties of the wastes was summarized in table 1: The moisture content in paper waste alone was lower than paper blended with cow dung, the same with ash, fat, and fibre contents, it was also lower in protein, nitrogen and carbon contents, however, the total solid and volatile solid was higher in paper waste alone than paper blended with cow dung. The energy content, C/N ratio and pH values were also higher in paper in waste alone. The lag period, cumulative and mean of gas were presented in table 2: the lag period of paper wastes alone was faster than that of paper and cow dung mixture but cow dung and paper waste mixture yielded more biogas than that paper waste alone. More Microorganism were found in blended paper waste than in paper waste alone at all the stages where viable count was carried out as in table 3. The daily biogas production was recorded together with the ambient and slurry temperature and it was found out that the higher the temperature, the higher volume of gas yield. Paper blended with cow dung yielded more gas than paper waste alone as shown in fig 1. In table 5 the following bacterium were present during biogas production, they are Micrococcus species, Staphylococcus aureus, E. coli and Streptococcus species. The fungus that takes part in the biogas production were Aspergillus fumigates, Aspergillus niger and Penicillium species as shown in table 6. Table 7 shows the yeast isolated and identified during the biogas production, they are Candida albican and Streptococcus species. The large period is the number of days taken for the feed to produce flammable gas from the day of charging to the first day of producing flammable gas, the cumulative of biogas production is the sum of the daily gas production up to the cumulative biogas yield divided by the total retention period of 44 days. 
Penicillum SPP

Blackish colouration
The same with that of a fungus Aspergillus niger.
VIII. Discussion
The experiment was carried out under ambient range of 26-36 0 C and slurry temperature of 32 to 42 0 C with the retention time of 44days, it was found that the higher the temperature the higher the volume of gas produced, this is because temperature affects the microorganisms responsible for the biogas production which are mostly mesophilic organisms. The onset of flammability in paper waste alone was faster than the paper waste blended with cow dung this is because of the initial microbes present in the waste [2] , [3] , [4] and [5] . The cumulative biogas yield was higher in paper blended with cow dung digester because cow dung increases the growth of the physiochemical properties of the waste and encourages the growth of the microbes responsible for the biogas production [24] . The C/N ratio has been given to be optimum in the range of 20-30:1 this is because the Methagenic microbes that converts wastes to biogas takes up carbon 30 times faster than nitrogen [20] and [23] . The results also shows that apart from methanogenic microbes that produce the biogas other pathogenic organisms were also present in the biogas slurry such as Staphylococcus aureus, E.coli and Streptococcus species therefore biogas producers should be careful to avoid contamination of diseases.
IX. Conclusion
This study has shown that paper wastes which abound everywhere including printing presses could be a very good stock for biogas production. This waste can be utilized to generate energy instead of burning them up or littering them in the environment which constitute nuisance to the environment. The study also shows that blending paper waste with cow dung or any other animal waste will give steady gas flammability throughout the digestion period of the waste since animal wastes are good producing wastes.
X. Recommendations
As a result of the findings in this aspect of technology, the following recommendations were made:  The universal adjunct such as cow dung and pig dung should be added to other organic wastes during anaerobic digestion to increase biogas yield.  Study of waste-adjunct ratio for optimal production of biogas is necessary.  Maintenance of optimum mesophilic temperature of biogas production in tropics is necessary to boost yield round the seasons of the year.  More research should be carried out in the commercialization of the bio-fertilizer an important waste left after bio-degradation of organic.  Adequate values and regulators should be designed for bottling biogas  Design and construction of equipment that would be attached to fixed dome digester system whereby volume of gas production could easily be read without using water displacement method.  Further purification of biogas should be carried out to enhance other applications of the world.  Design and fabrication of biogas burners are necessary to facilitate development and dissemination of the stored gas and thus encourage its wide utilization in this part of the world.
